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Introduction.

The Dual Quadrature Direct Digital Synthesizer (DQDDS) is a new developed NIM
module which, in combination with a GFAS, can be used to generated two independent
pairs of quadrature sine waves. The frequency of the generated sine waves is determined
by the programmed function of the GFAS.

The module can generate the two independent pairs of quadrature sine waves with a
frequency range which goes from DC to IMHz with a resolution up to 1Hz.

The 1¥ chapter will give a detailed description of the module and its operation by
explaining the different parts of the block diagram

Chapter 2 will summarize the characteristics of the module.

The module needs to be calibrated before using it in any system. This calibration is rather
simple and a procedure is given in the 3" chapter of this note.

Initially the DQDDS was designed for the P.S. Booster longitudinal Mode Analyzer
System to act as a synchrotron frequency programmer. The 4™ and last chapter will briefly
describe how to use the DQDDS is such a system.



1. The hardware description.

The Dual Quadrature Direct Digital Synthesizer (DQDDS) generates two independent
pairs of sinusoidal signals in quadrature. This means that the relative phase between the
two outputs differs 90° of which the output “OUT*” is lagging in respect to the output
“OUT”. The block diagram is illustrated in figure 1.1, in which we can see that the module
is made of two identical channels. In the following paragraphs, only one channel will be
discussed.
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e yons [y
DAC —> D | [> 2 OUT A*
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%Control ] { DAC D [> EE OUTB
GFAS 2 kﬁ)’i‘i —>pDpS %
| DAC D_ D 3 ouTB*
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Figure 1.1: The dual quadrature direct digital synthesizer block diagram.

A GFAS sends every 20us during approximately 4us its 16-bit data in a serial format to its
destination, which in this case is the DQDDS. This data is converted into parallel as soon
as it enters the serial/parallel converter, which is part of the “logic block”. The obtained
parallel data is then stored in a buffer until the complete frequency word is sent.
Immediately after the data is released from the buffers it is send to the D.D.S. chip in 4
times 8 bytes.

Once the D.D.S. received a clock signal indicating that the frequency word is completely
present in the D.D.S. input buffers it starts generating a pair of quadrature sine waves with
a frequency corresponding to the frequency word that was sent by the GFAS. The D.D.S.
will then generated a series of 12-bit words, representing the amplitude of the sine wave to
be generated. A digital to analog converter (DAC) will produce the actual sine wave as a
staircase. The filters will smooth the signal and suppress the unwanted digital noise and
clock signals. Output buffers will provide 3 outputs of the same signal.



1.2. The digital logic.

In the block diagram of figure 1.1 we see two identical blocks called “logic block”. This
logic block is a collection of different digital functions integrated in one electrical
programmable logic device from the producer “ALTERA” Figure 1.2 shows the schematic
contents of the programmable device.
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Figure 1.2: The schematic contents of the logic block.

1.1.1. The three working modes of the module.

The module can work in three different modes depending on the external conditions:

1. Operation mode
2. Test mode
3. Reset mode

Operation mode:

In the operation mode the 16-bit data coming from the GFAS is used to generate the
output frequency. The operational mode is automatically active when the reset and test
mode are inactive.



Test mode:

The test mode, activated by the button on the front panel, gives the user the possibility to
send a pre-programmed 16-bit freqeuncy word to the D.D.S. This will ease the search in
case of a problem.

Reset mode:

The reset mode is necessary in order to be able to (re-)intitialize the D.D.S. and to reset
the contents of the registers. This mode is activated at power-up, by pushing the front
panel reset button or pulsing the reset input.

1.1.2. The serial to parallel converter.

The serial data coming from the GFAS is converted into parallel data. This serial to
parallel converter is nearly the same as the one used on the GFA’s DAC cards and is partly
integrated in the logic block.

The serial data is formatted in the following way:

Each bit has a time frame of 250 ns.

A logic ‘1’ is high during % of a bit time frame (~190 ns).

A logic ‘0’ is high during % of a bit time frame (~65 ns).

The serial data consists of 16-bits and has thus a time length of 4us.

Each 20us a new 16-bit word is sent.

When one samples the original serial data in a on the rising edge of the delayed serial data,
one can demodulate the serial data and convert it into parallel data by means of shift
registers. In reality the serial data enters via an opto-coupler which transmits the data to a
PAL and an active delay circuit. The output of the PAL provides two important signals:

e The original serial data (ODAT)

e The delayed serial data (OCLK), which acts as clock for demodulation.
These two signals enter the serial in and parallel out shift registers, which are programmed
in the logic block. When the complete 16-bit word is stored in the shift registers,
according the principle described above, a clock signal (OLD) latches the data into the
buffers. At the same moment the data is available for further treatment by the logic block.

1.1.3. The multiplexers.

The logic block contains 4 types of multiplexers:
e The gain multiplexer
e The test multiplexer
e The data multiplexer
e The address multiplexer



The gain & test multiplexer:
This multiplexer provides the link between the serial to parallel converter and the data
multiplexer. The D.D.S. chip can accept 32-bit wide frequency words. The serial
frequency word send by the GFAS is only 16-bit wide. This offers the possibility to shift
the 16-bit word within the 32-bit wide D.D.S. region. This way one can change the output
frequency range and thus the frequency gain.
The gain & test multiplexer provides:
Gain selection (set by 3 onboard jumpers).
Data multiplexing between:

Operational mode data (16-bit data word from the serial input).
Test mode data (16-bit internally pre-programmed frequency word).
Visualization of the chosen gain on the front panel by means of LED’s.
The multiplexer is constructed so that the 16-bit word can be shifted within a range of a
20-bit word. This provides 5 different gain settings and thus frequency ranges. The gain
multiplexer is controlled by 3 jumpers: GC2, GC1 and GCO. Table 1 shows the properties
going with the different jumper settings.

MSB LSB

GC2 |GC1 |GCOJStart frequency |End frequency |Frequency step JGainJLED on
0 0 0 0 Hz. 65kHz. 1Hz] 1 L1
0 0 1 0 Hz. 131kHz. 2HzY 2 L2
0 1 0 0 Hz. 262kHz. 4Hz] 4 L3
0 1 1 0 Hz. 524kHz. 8Hz. | 8 L4
1 0 0 0 Hz. 1048kHz. 16 Hz.} 16 LS
1 0 1 0 Hz. B5kHz. 1Hzf 1 None
1 1 0 0 Hz. 65kHz. 1Hz) 1 None
1 1 1 0 Hz. 65kHz. 1Hz] 1 None

Table 1: The jumpers setting and properties of the gain multiplexer.

Table 2 shows the distrubution of the 16-bit frequency word within the 20-bit range as a
function of the gain jumper settings.

[msB LSB Multiplexer output bits |
GC2]GC1|GCof 19] 18] 17| 16] 15] 14] 13] 12] 11| 10| o 8] 7] 6] 5] 4] 3| 2] 1] OfGain
0 0 0 0] Ol O o0|d15{d14{d13|d12{d11{d10f d9| d8| d7{ d6} d5| d4| d3| d2| d1i dOﬁ
0 0 1 0| O] 0]|d15|d14|d13|d12|d11}d10| d9| d8| d7| d6l d5| d4| d3| d2| d1] dO Or 2
0 1 0 0] old15{d14]d13|d12]d11{d10] d9] d8] d7| d6| d5] d4] d3] d2| d1] do] of of 4
0 1 1 0jd15|d14]d13|{d12id11]d10] d9] d8| d7| d6| d5] d4| d3] d2} d1|] 40} O] O mB
1 0 0 |d15|d14]|d13|d12|d11|d10| d9| d8| d7| d6] d5| d4| d3} d2| d1] 40} of O] O OI 16
1 0 1 0] of O] o0ld15[d14]d13]|d12]d11|d10] d9| d8| d7| d6| d5| d4] d3{ d2| d1 dOl 1
1 1 0 0] 0] 0 0]d15{d14|d13}|d12]d11|d10] d9] d8] d7| d6] d5| d4] d3| d2| d1 dOl 1
1 1 1- 0] 0] 0 0[{d15|d14]d13]|d12]d11|d10] d9{ d8| d7| d6| d5| d4] d3| d2| d1 d(l 1

Table 2: The frequency word position as a function of the gain jumper settings.




Table 3 finally shows the position of the 16-bit frequency word within the complete 32-bit
range of the D.D.S. chip. All the leading bits (b0, bl,b2....) are logically ‘0’

31 30 29 28] 27 26 25 24|23 22 21 20] 19 18 17 f15 14 13 12f1n 10 9 8f 7 6 5 4] 3 2 1 0]ODS dataword

0 0 0 ofx X X X X X X X X X X X X X X X X X X X 0 0 0 0 0 0O O O]Gainmuitplexer data output
060000 0 O x X X X X X X XX XX XXX X]0ooo0 00 0 0 0Gan-=t

0 0 0 0 0 O o|x X X X X X X X X X X X Xx x x x]o o oo 00 0 0 ofGan=2

00 0 0 O o|x X X X X X X X X X X X x x X xJooo0oo0 o000 0 0 OfGan=4

0 0 0 0 ofx X X X X X X X X X X X X X X X|J]0 o 000000 0 0 OfGan-=8

000 0 ofx x x Xx X X X X X Xx X X Xx X x xJ0o 0 0 0 0 0 0 0 0 0 0 0fGan=18

Table 3: The frequency word position as a function of the gain jumper settings.

The data & address multiplexer:

The data and address multiplexer are constructed in the ALTERA chip by means of a state
machine. It makes sure that the complete 32-bit frequency word is sent in 4 times to the
different addresses. It also generates the clock pulses in order to confirm the data and to
start the generation of the sine waves by D.D.S.

The way the data is written to the different addresses (registers) is discussed in the next
paragraph, that deals about the program in the ALTERA chip.

1.1.4. The ALTERA program.

The ALTERA 1s an electrically programmable logic device. The language used for
programming the chip is the Altera Hardware Description Language (AHDL).

The entire program, with useful comments, can be found in Annex 2.

As mentioned previously the module can work in three different modes. Depending on the
choice of these modes the programmed state machine will execute different commands.

In figure 1.3 we see the most important steps and corresponding actions of the state
machine in the operation and test mode.

byte 1 to PIRA of byte 1 to PIRA of byte 2 to PIRA of byte 2 to PIRA of
DDS1 DDS2 DDS1 DDS2
Generate WRITE Generate WRITE Generate WRITE Generate WRITE

pulse

'

byte 3 to PIRA of

pulse pulse pulse

byte 3 to PIRA of l

byte 4 to PIRA of byte 4 to PIRA of

DDS1 DDS2 DDS1 DDS2
Generate WRITE Generate WRITE Generate WRITE Generate WRITE
pulse pulse pulse pulse

Generate
HOPCLK
To validate data

Figure 1.3: The major steps and actions of the state machine in operational or test mode.



As already mentioned the 32-bit frequency word is written in 4 times to the 1% Phase
Increment Register (PIRA) of the dual D.D.S. chip. Once the complete frequency word is
received by the two channels of a single D.D.S. chip the so called HOPCLK is asserted in
order to validate the data. The D.D.S. will now start generating the sine waves with a
frequency corresponding to the programmed frequency word. The exact address coding is
given in paragraph 1.2. and annex 3.

Figure 1.4 shows the major steps and actions of the state machine when it is operating in

the reset mode.
Generate Asynchronous Mode
Control word to DDSt
HOPCLK Generate WRITE
to activate data erate
4 pulse

Asynchronous Mode Synchronous Mode Synchronous Mode
Control word to DDS2 Control word to DDS1 Control word to DDS2
Generate WRITE Generate WRIT Generate WRITE

'0' to the Accumulatio
Reset Register DDS2
Generate WRITE

‘0’ to the Accumulatio
Reset Register DDS1
Generate WRIT

Generate
HOPCLK
to activate data

Clean PIRA
of DDS1 and DDS2
Generate WRIT
pulses

Clean PIRB
of DDS1and DDS2
Generate WRIT
pulses

Generate
HOPCLK
o0 activate data

Generate
HOPCLK
to activate data

~ Generate

S44 ) PM / MUX CLOK
toactivate :

- ext. pulse modulation data.
- ext. multiplexing data.

for quadrature operation.

Figure 1.4: The major steps and actions of the state machine in the reset mode.

In the reset mode all registers are cleaned and data necessary for quadrature operation are
loaded. Here again [ like to refer to paragraph 1.2 and annex 3. for the exact address
coding and to annex 2 for the entire and commented program.

These state machines are started by the incoming data. Figure 1.5 shows a timing diagram
in which one can see how the state machines, in the EPLD, are controlled.

The ODAT input is where the data from the GFAS enters the module. This is thus a bit
stream. A monostable multivibrator generates a kind of inhibit signal (OLD) that makes it
possible to convert the serial data into parallel data and to store it in a buffer. When all the
data has been received, the OLD goes high. The up going flank of the OLD signal enables
the output of the buffers so that the parallel data is available for the multiplexers. It also
starts other monostable multivibrators, for each operational mode one, that are combined
to one signal, by means of an OR relationship, in the EPLD, called START COUNT. This



signal generates the VALID COUNT signal that is synchronous with the ELPD 4MHz
clock. During the high time of the VALID COUNT signal the state machine is running.
When the state machine has finished its cycle, it automatically resets the VALID COUNT
signal to ‘0’. At the same time the state machine is forced to its initial position where it is
ready to perform another sequence for the next frequency word, 20us later.

20 a5

A
Y

ODAT

N
OLD P } ()

START (:f

DY

COUNT QE;
N N\

CouNT » »

Figure 1.5: The Timing diagram of the data transfer sequence.
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1.2. The D.D.S. integrated circuit.

This paragraph will deal with the way the D.D.S. chip is programmed in order to

generate quadrature signals. A copy of the original data sheet can be found in annex 3.

Figure 1.6 shows the a diagram of the internal structure of the Q2334 D.D.S. chip.

Processor
Interface Frequency/Mode
Control
HOP CLK 1 HOP CLK 2
v ¥ A vy
Phase Phase Phase Phase
Increment Increment Increment Increment
Register A Register B Register A Register B
{32 Bits) (32 Bits) (32 Bits) (32 Bits)
External O oO— External
Multiptex Control 1 _ _ Multiplex Control 2
- (32 Bits) (32 Bits)
Phase Phase
K SYS CLK
Bk Accumulator Accumulator iz
1 2
¥ (16Bi) ¥ (168i)
Extemnal Phase External Phase
Modulation Conlrol‘1 MOI;TJ?;EOH Mof:it:liliaslfion Moéula(ion Control 2
(3 Bits) Control 1 Control 2 (3 Bits)
¥ (16Bity) ¥ (1651)
Sine Sine
Lookup 1 Lookup 2
¥ (128it) ¥y (128it)
Noise Noise
Reduction Reduction
Circuit 1 Circuit 2
Digitized Sine Wave (12 Bits) Digitized Sine Wave (12 Bits)
Output 1 QOutput 2
AN / AN /
N V4
DDS 1 DDS 2

Figure 1.6: the internal structure of the Q2334 quadrature direct digital synthesizer

The 32-bit frequency word is entered via the 8-bit processor interface. When the
complete word is sent to the two D.D.S. channels a HOPCLK signal clocks the data

from the frequency/mode control block into the Phase Increment Register PIR, in our

case PIRA. The PIRB can be used to perform internal phase modulation and is set to
‘0’ in our case. The switch of the external multiplex control is set as drawn in the

picture. This means that the phase accumulator uses the data from PIRA.
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The SYSCLK, which in our case is the same for both channels, now adds each time
the information in the PIRA to the value present in the phase accumulator.

The value is send to the sine lookup table, which will output a 12-bit value for the sine
wave amplitude.

e 1 >l
N Four
T (c)
B O
W @ »
®
ﬁ i F
F
CIK ® 4
1 Sine Output from o
210° Sine Computation Function
Phase Qutput from Four = Generated Qutput Frequency
Phase Accumulator Fow = System Clock Frequency

Figure 1.7: A sample sine wave generation.

The generated frequency can then be calculated with the next formula:

Where:
e [ = the generated frequency
e Fs=the system clock frequency
e N = the number of bits (32)
e A@=the phase increment value programmed in the PIR.

The phase modulation control block gives the possibility to add a phase shift to one
channel in respect to the other. This is done by 3 so-called external phase modulation
offset bits. The phase offset as a function of the bit settings is given in table 4. In our case
the 2" D.D.S. is lagging 90° in respect to the 1% channel.

This 1s done by making the PM ext. bit 2 of the 1" D.D.S. channel ‘1°, which gives a
absolute phase offset of 90°. When we make all PM ext. bits of the the 2" D.D.S. channel
‘0’, which gives an absolute phase offset of 0°, then we have a relative phase offset of 90°.

This data is activated after assertion of the PM clock signal, which is done during the reset
procedure.
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PM EXT | PMEXT | PM EXT Abs. Phase
BIT2 BIT1 BITO offset
0 0 0 0°
0 0 I 45°
0 1 0 90°
0 1 1 135°
1 0 0 180°
1 0 1 225°
1 | 0 270°
1 1 1 315°

Table 4: The external phase modulation offset settings of one D.D.S. channel.

For proper operation of the D.D.S. chip we also need to configure the two mode control
registers illustrated in figure 1.8 and figure 1.9.

D7 D6 D5 D4 D3 D2 D1 Do
HOP CLK X1 EXT PHASE
. . . . PHASE MOD MUX MOD .
0 0 0 0 ENABLE ENABLE ENABLE 0
{HPME) (EME) (EPME)
ADDRESS > 08 or 18 [hex]

* These bits must be set to 0.

Figure 1.8: The configuration of the synchronous mode control (SMC) register.

The SMC word is pre-programmed in the ALTERA device and is: ‘00000010’

e Bit D7, D6, DS, D4, DO must be set to ‘0’
e HPME : Hop Clock Phase Modulation Enable.
1 : When internal phase modulation is wanted. PIRB is added to the phase
accumulator once each time the HOP CLK signal is asserted
0 : When internal phase modulation is unwanted.
e EME : External Multiplexer Enable.
1 : The external multiplexer determines whether PIRA or PIRB will be used for the
phase accumulation process.
0 : The external multiplexer control is disabled, the signal on the EXT MUX inputs
1s ignored and the PIRA register will be used for the accumulation process.
e EPME : External Phase Modulation Enable.
1: The PM EXT BITS are read and the corresponding phase offset is latched into
the DDS each time the PM CLK is asserted.
0 : When external phase modulation is unwanted. The PM EXT BITS are ignored.
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The EPME bit of the SMC register is set to ‘1’ in order to be able to apply external phase
modulation for quadrature operation. In this mode the three PM EXT BITS per DDS are
read and the corresponding phase offset is latched into the DDS each time the PM CLK is
asserted. In order to operate in quadrature mode the phase difference between the two
DDS functions must be 90° of which OUT* is lagging.

D7 D6 D5 D4 D3 D2 D1 D0
PHASE MOD
DAC STB 0" : IG\EE'BJLE 0* nglzml* NRC ENABLE BITS***
(PMAE)
* These bits must be set to 0. ADDRESS < OA or 1A [hex]

Figure 1.9: The configuration of the asynchronous mode control (AMC) register.

The AMC word is also pre-programmed in the ALTERA device and is: ‘00001110’

e Bit D6, D4 must be set to ‘0’

e DAC STB : DAC Strobe (delayed version of the system clock).
1 : DAC Strobe inverted in relation to the system clock.
0 : DAC Strobe not inverted in relation to the system clock.

e PMAE : Phase Modulation Add Eneable.
Only used when PMAE bit of the SMC register is ‘1’. This means that the PMAE bit
is not used in our case.

e OUTPUT FORMAT.
1 : The output format is OFFSET BINARY
0 : The output format is TWO’s COMPLEMENT

» NRC ENABLE BITS.
When the on chip noise reduction circuit is used, the umber of significant bits to be
used from the DAC outputs must be programmed into the NRC ENABLE BITS.
In our case 12 bit DAC’s are used and therefore D2, D1, DO = 110b or 5h.

The SMC and AMC registers are both initialized when the reset procedure is executed by
the state machine.
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In paragraph 1.1.4 we have seen the flow charts of the state machines, programmed in the
EPLD. During the execution of the state machine, part of the frequency word are written
in the different registers. Table 5 gives the exact address coding of the microprocessor
interface of the DDS circuit.

DDS1 REGISTER | DDS2 REGISTER
ADDRESS (HEX) | ADDRESS (HEX) FUNCTION
00 10 PRABiS 07 (1B) !
01 11 PIRA Bits 8-15
02 12 PIRA Bits 16-23
03 13 PIRA Bits 24-31 (MSB)
04 14 PIRB Bits 0-7 (LSB)
05 15 PIRB Bits 8-15 1|
06 16 PIRB Bits 6-23
07 17 PIRB Bits 24-31 (MSB)
08 18 SMC
09 19 Reserved (not used)
0A 1A AMC
0B 1B Reserved (not used)
0C 10 ARR
0D 1D Reserved (not used)
OF 1E AHC
OF 1F Reserved (not used) "

Table 5: D.D.S. Microprocessor interface address map

1.3. The D.A.C. and filtering output circuit.

As previously mentioned the DDS sends the amplitude information by means of 12-bits to
the DAC inputs. The information is transmitted as TTL level signals.

The conversion of the 12-bits information from the D.D.S. into a real amplitude of a sine
wave at a given phase is done by the D.A.C. The data sheet of the D.A.C. is given in
annex 4.

The D.A.C. has a symmetric current output, which is converted to a voltage output by
operational amplifiers. More details on this circuit can be found in chapter 3, where we can
find the schematics and the calibration procedure of the circuit.

A standard ‘Micro Circuits’ filter with a cut-off frequency of SMHz smoothes the signal
and filters out the clock signal.

The output of the filter is then buffered by 3 operational amplifiers, providing 3 outputs of
cach channel in quadrature, on the front panel.
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2. The characteristics.
Inputs :

Serial input A and B: TTL level serial data

Reset input : Open collector level reset signal.
When input is "1" the module will be reinitialized and the output
frequency will be forced to 0 Hz.

Outputs :

Channel A OUT : 3 connectors (type : Lemo)
Channel A OUT* : 3 connectors (type : Lemo)
Channel B OUT : 3 connectors (type : Lemo)
Channel B OUT* : 3 connectors (type : Lemo)

The frequency range and resolution are set by jumpers as mentioned in paragraph 1.1.3.

Frequency range : DC - 1.048 MHz.

Frequency resolution :1Hz-4Hz

Frequency refresh rate : The GFAS send each 20us a new frequency word.
Voltage range :0.1 V peak to 4 V peak.

Output impedance : 50 ohm

Relative “OUT-OUT*”
Phase error :<0.1°



3. The calibration procedure.

The main part of the module is digital and does not need calibration. However there are
two parts that need to be calibrated. The first part is the power supply for the analog
components on the board, while the second part consists of adjusting the output amplitude
and baseline of the circuit behind each DAC.

The power supplies
There are two power supplies on the boards a digital and analog one. The digital power
supply is fixed at +5V and —5V. The analog power supply also needs to provide +5V and
-5V but needs to be adjusted with certain accuracy.
e Adjust the +5V:
Connect a voltmeter to the +5V power supply on the printed circuit board (i.e. pin 2 of
RG1).
Adjust the output voltage by means of potentiometer P9 on exactly +5V.
e Adjust the -5V:
Connect a voltmeter to the -5V power supply on the printed circuit board (i.e. pin 3 of
RG2).
Adjust the output voltage by means of potentiometer P10 on exactly -5V.

The output circuits

The schematic of an output circuit is given in figure 1.10. The board contains four of these
circuits and the calibration procedure is identical for all four of them with the only
difference being the names of the components.

R7
AW
AD704/AD 10K
o R8 1y
X ‘\i +—1 AN . ‘\i AD704/AD
Ve 10K V="
us > T
A A L p2
o 4 én - 4 < 200
: RE POT
""\/\\"\'L
100
q
R1 POT | 1 R4
[ Tout J-e—2 Ay SR
46 4 P1 562
4] 5
a2 S 464 7] a/\'\AD%HIAD RY
3 U1 W vaut ]
e
31715 g

Figure 1.10: The DAC output circuit schematics.
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The DAC has a current output that enters the schematic by means of the box called “lout”.
This incoming current is converted into a voltage by means of two resistors, R1 and R2.
The operational amplifier Ul amplifies the sum of, the input signal “Iout” and the output
of U2.

Potentiometer P1 is used to adjust the amplitude of the output signal on “Vout”.

The DAC provides a reference output signal on one of its pins. This reference signal is fed
into the operational amplifiers U3 and U2, which act as buffers. The output of U2 is fed
into Ul scaled by P2 and R6.
This part of the circuit is responsible for the baseline of the output voltage. By adjusting
P2 one can change the base line.
This means that there are two adjustments per output channel to be made.
¢ Adjust the amplitude of the output signal:
Make sure that the jumpers behind the operational amplifiers are placed in such a way
that the signal on the front panel outputs is filtered.
Switch the power supply on and perform a reset by pushing the front panel reset
button.
Force the output to oscillate with the internally pre-programmed frequency by means
of pushing the front panel “Force Output Frequency” button.
Connect an oscilloscope to output “OUT” of channel A on the front panel.
Adjust, by means of turning potentiometer P1, the amplitude of the sine wave signal to
the desired value, which is normally 2V peak when the output is not terminated, and
1V peak when the output is terminated by 50 ohm.
e Adjust the baseline of the output signal:
After having adjusted the amplitude of the output signal one can adjust the baseline
(not before!). .
The signal is still present on the outputs, if not repeat the first part of the previous
procedure.
Connect the oscilloscope again to the output “OUT” of channel A. Make sure that the
input of the oscilloscope is set to “DC”. Adjust now, by means of turning
potentiometer P2, the baseline of the signal. In other words, make the output signal
oscillate around the zero.

Repeat this procedure for the outputs “OUT*” of channel A , “OUT” and “OUT*” of
channel B.

This completes the calibration of the module, it should now be ready for use.
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4. The D.Q.D.D.S. as synchrotron frequency programmer.

Initially this module was designed to be used as a so-called “Synchrotron Frequency
Programmer” for the P.S. Booster longitudinal mode analyzer system.

The module is build as a multi purpose module, but can easily be used as a synchrotron
frequency programmer. Here I will briefly describe how the module can be used in the
mode analyzer system.

In the notes of reference [1] and [2] is described how the mode analyzer system works,
and which part of the old system is being replaced by the new D.Q.D.D.S.

The quadrature pair output of the D.Q.D.D.S. is fed into the FS and FS* inputs of the
mode analyzer module [3]. The module is now used to generate a calculated synchrotron
frequency, which changes constantly throughout the acceleration cycle.

The synchrotron frequency function is generated by a GFAS, which serial output is
connected to the serial input of the D.Q.D.D.S.

An application that runs on a workstation acquires the cavity voltages, the phase
difference between the cavities and the magnetic field from the machine, with a time
resolution of 1 ms. Subsequently it will calculate for each millisecond the synchrotron
frequency which will be stored in the GFA table.

As soon as the next accelerating cycle, concerned, is executed the GFA will generate a
serial bit stream of synchrotron frequency values which is send to the D.Q.D.D.S. module.
As previously mentioned the module will now generate this synchrotron frequency as a
quadrature pair that is used by the mode analyzer system.
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Annex 1.

Schematics of the Dual Quadruature Direct Digital Synthesizer module.



The complete schematic is an A1 size drawing and is therefore not included
in all notes.

A copy can be obtained at the author.



Annex 2.

The ALTERA AHDL program listing with comments.
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Annex 5.

The Dual Quadrature Direct Digital Synthesizer module front panel.



LED indication for the
frequency range settings of
channel A.

Push button in order to force
the module to oscillate with a
pre-programmed frequency.

Dual
Quadrature
DDS.

OUTPUT FREQ. RANGE

A B
& DC- 65Hz
B3 OC - 131kHz
DC - 262Hz
B DC - 524kHz
B DC —1048kHz

CONTROL

FORCE OUTPUT
FREQUENCY

. RESET  <——rot

CHANNEL A
OouT OUT*

O O

=
=
=
=
X

LED indication for the
frequency range settings of
channel A.

Push button in order to force
the module to oscillate with a*:
pre-programmed frequency.

0, OT >

3 LEMO outputs of channel A (0%

for the generated frequency
corresponding to the serial data
presented on input A.

O O

CHANNEL B

/—$

ouT OUT*

3 LEMO outputs of channel A (-90%)
for the generated frequency
corresponding to the serial data
presented on input A.

O O

3 LEMO outputs of channel B (0°)
for the generated frequency
corresponding to the serial data
presented on input B.

O, O

O O,

SERIALINPUTS

3 LEMO outputs of channel B.(0°)
for the generated frequency
corresponding to the serial data
presented on input B.

Serial input of channel A for data
coming from a GFA. The LED is
an indication for the data flow
being present.

DATA DATA
= =
T—a A B

LEMO input for remote
reinitialisation of the module
and putting the output
frequency to 0 Hz.

13
G RESET IN
-~ 15

14

Serial input of channel A for data
coming from a. GFA. The LED is
an indication for the data flow
being present.




Annex 6.

The Printed Circuit Board component view.
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